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The semialroular sanal thrashold, as measured by the pergeption.of the oculogycal illusion,
was detexmined by o double staircase procedure among 300 normal and 4 labyrinthine=defective
subjects, A motorized chalr with preclse servo controls rotated the subjoct th a CW or CCW
diraction at rutes wirylng In accordance with ona of 24 extended trapezoldal~shaped profiles:

20 sec of constant acceleration, 25 see at constant (terminal) veloulty, 20 tec of constant
deceleration and 25 sec at zero velooity. Acceletatiuns ranged In logertthmic progression from
0.02 tv 6.009%30c%, The tlluston appoared as rightward or lofiward movement of the visual torget
in the direction of aceeleration. The target, o narrew collimated Itne of light, was contained
within ¢ goggle device worn by the subject and therefore fixed in relative position to him,

The method provided a brief and reliable (P = .70) threshold measuremont. The majorlity
of normai subjects revealed no substantial ditectional prepunderance (CW vs CCW threshold) .
Threshold froquenuy distifbutions for the two directions of acceleration were similar and ranged
in rate (deg/sacz) from 0.20 to 0.950 with means of 0.146 (CW) and 0,152 (CCW), o medicn of
0.096 (CW, CCW), and modes of 0.096 (CW) and 0.076 (CCW) . The threshold of response
(dog/sec®) in rmare than half the normal subjects was less than 0.10,in over three fourths was less
than 0.20, in over 90 per cent less than 0,30, and 100 per cent less than 1,00, None of the
labyrinthine~defective subjects perceived the iliuston at the highest accelaration (6.009/sec¢?)
employad.
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SUMMARY PAGE
THE PROBLEM

To measure thresholds for perception of ungular ucceleration s fndicated by
the oculogyral illusion in 300 normal subjects and in 4 subwair with bilateral laby-
rinthine dofuets, »

FINDINGS o L s

A tmotorized chalr with precise servo controls provided clockwise or counter-
clockwise rotdtion of the subject about his vertical axis at rates that varied in uccor~
dunce with one of 24 extended trapezpidol ~shaped profiles, Each profile consisted of
four phases: 20 sec of constant positive acceleration, 25 sec at constunt (terminal)
velocity, 20 sec of constant negative accolemﬂon, and 25 sec at zero velocity,
Accelerafic: ranged tn logarithmic progression from 0,02 to 6. 00%/s002, The
threshold response to clockwise aidd counterclockwise acceleration was determined sy
a double=staircase method and was defined as the lowest of the 24 accelerations at
which the subject could percelve the oaulogyral illuston in thiee out of four or four out
of six fifals ( > 67 per aent), This itiuston was percelved as an apparent rightward or
leftward movement of the visual target in the direction of acceleration. The target was «
narrow coliimated line of Iight confained within a goggle device cmd thorefore fixed
in relafion to the subject, .

The method provided o bilef und relidble { P = .70) means of measuring the .
thresholds, The great majority of the subjocts revealed no substantial directional pre-
ponderance (CW vs CCW threshold), Throshold frequency distelbutions for the two
directions of rotation werae simtlar and ranged in vate (deg/seoz) from 0,020 to 0,950
with means of 0, 146 (CW) and 0,152 (CCW), The threshold of response (deg/sec) In
more than half the normal subjects was less than 0,10, in over three-fourths was less
thun 0,20, in over 90 per coent v s less than 0,30, and in 100 por cent was less than
1,00, None of the laby ﬁinihmo ~defective subjec fs nercelved the [llusion at the highest
. acceleration (6,00%/sec*) envloyed,



INTRODUCTION

The oculogyral illusion may be perceived by a person pussively exposed to
angular acceleration as apparent mution (in the divection of turn) of visual objects that
are fixed relative to him (8). The iliusfon has its genesis in the semicircular canals und
a knowledge of cupuloendolymph mechanisms, the role of aduptation effects and the
influence of secondary etiologicul fuctors are all essentlal for. predicting its behavior
+under different stimulus conditions (1, 2;6,9) . 'Studles have shown that its perception .

" under ideal test conditions ylelds lowor Hireshold values than other canal response
indlcators  the monifestation of nystagmus, and the sensation and aftersensation of
votation (1,3, 5,7, 16). Indeed the thrashelds of the Hlusion are so low that their
medsurement iy llmifed by the precision of the rotating device, A highly sophisticated
sarvo-controlled device, the Rotating Litter Chalr (RLC), was developed exprassly

for determining with fhis indicaior ony changes in cupular thresholds of response that
might occur during the prolonged weightless Skylab missions (14). The purpoue of this
roport is to evaluate the RLC and a relatively short method for determining the
thresholds of percaption of the illusion In a large sample of normal sub|ecfs and in
four deaf persons with severs bilatoral labyrinthine defecfs.

PROCEDURE
SUBJECTS

Three hundred normal healthy men, ranging in age from 17 to 49 years, served
as test subjects; most (261) of these subjects were less than 26 years of age, This group
was comprised of 203 pilots or pilot trainees, 44 enlisted personnel, ond 53 civilians,
Each -had demonstrated normal otolith and semicireular canal funetion, as indicated,
respectively, by ocular counterrolling (11, 12) and caloric response (10). In uddiﬁon
four deaf individuals with severe bilateral labyrinthine defects, as defined in Table l,
served In determining non=labyrinthine tnfluences upon the pervepﬂon of totation,

APPARATUS

Rotating Littey Chaiy

y The rotating litter chair RLC) (Figure 1) is a relaiively lightwaight (~ 145 Ib)
motor~driven rotational chair device that is described elsewhere In detall (14}, A
servo~controlled d~c brush=type motor is programmed to rotate automatically o seated
subject al any one of 24 veloclty versus constant time (90 sec) profilos (Figure 2) within
extremely narrow limits of prel,ls\on (Table ). The 24 extended trapezoidal-shaped
profiles yl%lded in progressive |o% rithmic steps o range of constart gecelerations from
0.02%sec” (step 1) o 3.00%/sec (step 23); two log units of acceleration separated
steps 23 und 24, The man~suppeorting supershucfure and motor of the RLC are directly
coupled fo eliminate geur sluck and perceptible vibration and therefore meet the
physiological requirement of eliminating small performance errors that are normally
within the sensitivity range of the delicote vestibular organs,
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Figure 1

Diagram of the Rotating Litter Chair and Anciliary Equipment,
Including the Control Console and Stowage Cabinet for the
Vestibular Test Goggle and Biteboards
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" Rotating Li'ﬁer-CHair (Ocu:lbgyr'ql_lllusion'Tes'i-'Méde) Performan’cé,\/alues -

4 iy

‘Log Step Angulm Accelerahon Pmcnsiog Peak Veloa.lfy _
e et (°/sac (°/sec aofrem)
1 “0.020 o 40,0007 0,067
2 0.024 " £0,0004 .0.080
3 v "0.030 +0.,0004 0.100 }
4. 0.033 + 0.,0004 0.127
-5 0.048 + 0,0008 0.160 .
6 0.060  0,0004 0.200
7 0.076 40,0004 0.253
8 0.096 & 0.0005 0.320
© 9 0,120 +0,0004 . 0.400
10 0,150  0,0004 v 0.5000
N 0.19%0 00005 0.633
12 0.288 & 0,0006 0.793
13 0.300 . & 0,0007 1.000
14 0.380 +0.0012 1.267
15, - 0.475. 4: 0,0005 1.583
16 0.600 % 0,0008 2.000
17 0.760 +0.0018 2.533
8 0.950 +0.0018 3.167
©y9 1.200° & 0,0024 4.000
20 1,500 40,0018 5.000
21 1.90 + 00,0036 6,333
22 2.400 + 00,0030 8.000
23 3.000 +0,0028 . 10.000
24 6.000 10,0084 20 .000

(8]
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The vestibular test gOJgie (VTG) descrlbed ih deidul elsewhere (13), is a'self~

: con*amed device worn over the subjec's eyes (Figure. 8). The collimated lina=of«light

- target,” the only thing visible to the subject, is self~illuminated by a radicactive
_source {feitium gas, 100 millicuries, AEC license Number 09-06979-03) contained in
‘the goggle. Two knurled knobs permni‘ the farget to be rotated 360° about its center

" and moved verfically, from a straight-ahead position, & 20° cbout the center of rota-

tion of the viewing right eye; the left eye is oocluded by being covered with a portion

- of the goggie, The device ic held on the face by its attachment to a bitéboard

assambly which, in turn, Is secured by an adjustable support connected to the RLC

~ {Figure 4), Ihe distance between the ocular and occlusal planes is adjusted so that -

the subject's visuol axis In its primary position is essenholly in the "horizontal" plane

. containing the optic axls of the farget sysiom. The target was found fo be completely
. visible fo oll subjects having o wide- range of interpupillary.distances; s0, no means of
- atavdl adjustment was incorporated in the goggle, .-

¥ i

METHOD i,

The subjact's fitness for testing was determined by o questionnaire (Appandix
A}, The oculogyral tllusion wus demonstrated at the time of the bitebourd fitting by
havirg the subject observe the apparent movement of the test=goggle target during

. "genﬂq side~to~side. head movemenis.

The subject was then secured Inh o seufed _position within the RLC and his
biteboard and fho VTG were affixed to the support machanism of the chdh + He en-
guged the biteboard with his teeth and donned the VTG by tilting his head forward
20°. The target viewed by his right eye was adjysted so that it appeared vaptical and
straight ahead, The purpose of the fixed head 1111 was to place the "plane” of the
latéral canals closer fo the p!ane of rofation. -

T

A sound source for signalling the normul sub]ad was sttuated directly over his
head, which eliminated it as a cue to the chair's rotational direction; the labyrinthine~
defective subject was signalled by lightly tapping the top of his head. The rotutional
chatr was located in a test cubicle, which permitted this area fo be darkened and
thereby removed any possible influence of any simall openings batween the goggle's
padding and the face. During testing, auditory directional cues were effectively
removed by having the normal subject wear earphones, All subjects used hand-held,
color~coded lights fo stunal, when requested,” the direction of apparent movement of
the target, After one of fhe 24 dceeleration rofes was selected on the basis of the
predetermined test schedule and subject performance, the program start switch of the
RLC was pressed. After 2 seconds of constunt positive ucceleration, the subject was
signalled to open his eyes; after 5 seconds' accumulative time, he was signalled again
to judge whether the target appeared to move rightward or Ief tward, or to remain
stationary, If the subject did not respond affer 15 seconds’ ascumulative time, a
third signal was given. If no respanse was received within 20 seconds’ accumulaiive

]
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time, the end of the sonstant accelerarion period and the beginning of the 25-second
consfuni velocity phuse, it was assumed and rocorded that no movement was. percewed.
The subject was msh‘ucted to close his eyes Immediately after each respense.
A
“The dewn ramp of the pro.uie required the subject, as ir positive acceleration,
to open his eyes at 2 seconds end fo respond betwaen the 5th and 20th second after
deceleration had begun. After reaching zero rpm, the RLC remained stationary for at
feast 25 seconds. In some cases the next profile was not initiated for up to several
minutes wheh: 1) the total fest time exceeded 30 minutes, 2) when the subject requested
additional “est time, or 3) for operational reasons, e.g., wiping the goggle lens to
remove a moisture film that occasionally was found to accumulate, The direction of
. rotation among the profiles was varied af random according fo a predetermined sshedule.,

\

Our early experimantdl probes had indicated that o brief period of feedback'
- fraining ot an dcceleration level weli above response threshold was necessary to
ostablish that the subject understood the task and could readily observe the Hliusory
movemeny. The subject was also fully apprised that appareitt movement of the farget
_in this sifuation did not also require its apparent displacement, particularly b or near
' his response threshold Ieval During trotning conducted af acceloration step 12, or
higher If necessary, the subjedt was Ihformed of his results and coached until he could
aohsistantly identify the dimc.ﬂoh of the oculogyral illusion. During fhe actual test,
the subject was not provided this feedback,

Mechanically, the stimulus fo the cupuloendolymph system and therefore its
response with clockwlse (CW) accelerafion are equivulenf to those for counterclockwise
(CCW) deceleration, us in the reverse sense are the pair of complementary directions
of acaeeleration and dsceleraﬂnn‘.\. For convenience, each stimulus pair is henceforth
identified only by its assgclated direction of accelervation,

A response threshold for sach of the two directions of acceloration was defined
as the lowest acceleration at which the subject could correctly identify the oxpected .
direction of apparent movement in three out of four, or Your out of six trlals, Wher, o
difference in perception of the illusion for the fwo directions of aceeleration was
maonifested at any step, the threshold for the direction of better performance was pur=
sued first, If, for example, af least one response associated with the first test profile
(usuaily step 19) was correct, festing proceeded to step 6, For those sub|ecis meating
or exceeding the threshold criferion at step 6, further testing followed a double~stalr-
cuse taethod (4) that was limited to the range of accelerations between; if the criferion
was not met at step 4, the test ranged from step-6 to the initial test step, If both res-
ponses at the initial fesi’ step were incorrect, the two staircases proceeded between
usually step 15 and the initial anceleration sfep until a resporise threshold for CW as
well as CCW acceleration was established, The test was completed in more than half
the subjects within 30 minutes, and in most within 40 minutes, although occasionally
about 1 hour was required. In no case was the subject fested longer than 30 minutes
without one or more rest periods prior fo completion of the test; each rest period of about



5 minutes ' sas instituted with the subject ramaining in the RLC but with his head re~
moved from the goggle and Immbou rd suppori‘

The ocu!ogyral iltusion threshold of eoch normal subject wiis measured by this
procedure on two different occasions, sepurated by of least,24 hours, in ordm to deter-
- ming test"raf‘esf raliabiltty,

RESULTS AND DISCUSSION -

The large number of trials and long test periods often aovering many days or
weeks that are typloal In measuremerts of o response threshold were avolded in fhis
study without apparent tindue compromise in sensitlivity or reliabllity by using 24 loga=~
rithmic step levels of accelarative stimuii, On o tinear basts this schedule infroduces
ever-Increasing increments of acceleration amag the progressive tost stops with the
rasult, desirable from o practical point of view, that differentiability among Indivldauls

-decraases as ant Indirect function of lhroshold leve!

Directional prepondergnce, t.e,, a difforence In thrashold for €%/ and CCW
acceleration, was not manifested in 35 por cent, was less than 0,19/sec? in 84 por cont,
and less than 0, 29/sea? in 94 per cent of the hovnal subjecs ; the remaining subjects
revealad a preponderance that ranged from 0,2 to 0, 79%/sec*, Furtharmore, 1 modesatoly
ot gorrelatton (P = ,72) was found to exist between data obtuined with CW and CCW
coeoleration, A substantial divectional (CW vs CCW) preponderanae in the OGI
threshold response would therefore not be the expucted result In a normal Tndividual,

A follow~up invastigation of the sniall number of subjecis who demonsirated relatively

large directlonal prepondorances was not conducted, but a study of unllaterally
Iabyrlnihedomlaod individuals gave some ovidence that an ucuis umlaierul vastibular

dlsiurbance may cause o preponderance (15) .

The individual thrasholds for CW and COW deceleration were averaged fo
obtain o single measure of test-retesi reilabiiity which proved also to be moderately
high (P = ,70), This level of reliability and the briof test portod required make the
mathod feasible ¢y a clinical=type tost of semicircular canal function. The large sample
of normative datw offers a «ubstantial basts for comparing the OGI thresholds of response
of individuals with possible vestibular disfunciion,

Frequency distributions of the oculogyral tHuslon thrashold values among all the
noimal subjects for CW and CCW acecleration are presented in Figure 5. The dishi-
butions were stmilar tor the two directions of angular acceleration and ranged in terms
of rate (degrees per second per second) from 0,020 to 0,950, with means.of 0,146 (CW)
and 0. 152 (CCW), a median of 0,096 (CW, CCW), and modes of 0.096 (CW) and
0.076 (CCW), These sume distributions oxpresqed in ferms of cumulative frequency are
given in Figure 6. The distributions on a lineqt scale are skewed right: More than half
tha mdwui.mi thresholds fell below 0.109/sec”; % er throe=fourths weare less than
0.20% sec”; over %0 per cont less than 0, 30%sec%; and 100 per conf less than 1,00 /JBC?
These findings compare well with those of Clark and Stewart (2) who found that the O Gl
thresholds of thelr 32 subjects ranged from 0,04%/sec” (close to the lower Himit of their

10
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’ devmlgj} \,,p to 0.26%/sec2 , and cmﬁm‘e their aonclusion that normal hedlthy adulﬁ‘ man

have; //ai;;scurculai canals that are highly sensitive 1*.:'.» aucelemﬂve stimulation,

/ l
/) All labyrinthine~defective subwcts failed repeatedly to perceive the oculo-
gyval, {lusion at the highest accelervation step (6, 00°):ec2) offered by the RLC test

devidge, -giving further evidence that the basic underlying mwhanism for this illusion
is thﬂ cupuloendolymph system,
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APPENDIX A

Subjuct's Pre=experimentation Qluestionnaire

N



Name/Number v Date . Time

Last ol First Miadle Initial o
Have you been well throughout the past week? )
YES NO
Are you free of all major health complications? (e.g., heart disouso diubetes baak
. trouble, ofc.)
YES NO..
Are you In your usual state of fitness todoy'?
YES - NO

If no 1o one or more of the above quaestions, spocafy prob!esm and tneluda severity, time
vourse, where locualized, ofc. .

[FI

How much alcohol have you consuimed during the past 24 hours? (No. and I<inds: of
drinks) ‘

|2

1 How much tobucco 1 pust 3 hours?

Cigaretie(s) = Clgar(s) 0 ’ Pipels) full
Have you faken drigs or medicine of any kind In past "4 howrs? ¢
VES NO
It yes, werve they? - If name of drug(s) is kniown,
Analgesic (aspirin) et please 1ist below:

Sedallye or tranquilizer
Antimotion sickinuss romedy (anfi= Hs?ammc)

Other, Tncluding eye and ear drop medications

How many hours sleep did you get last night? Was this sufficient?
YES - NO

How onxlous are you regarding your participation tn these tests?
NOT  MINIMAL  MODERATE  GREAT VERY GREAT

How many hours since your jast meal ?

How many cups of fluld have you had in the past 2 hours?

Have you served as.a sub]eof In any rofational tést within the post 48 hours?
YES NO

If yes, endpoint roachad,

s phausa s




